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Effect of content variation of Danshen water-soluble components on myocar-

dial energy metabolism in isolated ischemia-reperfusion rat hearts
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Abstract To investigate the effect of content variation of water-soluble components in Danshen injection on the
myocardial energy metabolism in the isolated ischemia/reperfusion rat hearts. Rats were randomly divided into
model groups, Danshen injection group and four component-adding groups. Drugs were administered when
myocardial ischemia/reperfusion injury occurred, and the pharmacodynamics indices such as acetyl coenzyme A
(AcCoA), coenzyme A(CoA), adenine nucleotides( AMP, ADP and ATP) and myocardial ischemia markers (lactate
(LD), lactate dehydrogenase( LDH) and creatine kinase( CK)) were determined. Compared with the control group,
the AcCoA/CoA ratio decreased significantly after adding protocatechuic acid (PA) (P <0.05), while the total
adenosine (TAN) and adenylate energy charge (AEC) increased obviously (P <0.05). The effect of adding salvi-
anolic acid B (SalB) was similar to PA, but the regulatory effect on the energy metabolism was weaker in total. A
back-propagation neural network model was developed using experimental data, and the contribution of the four
water-soluble components’ contents to the pharmacodynamic indices were evaluated according to Garson algo-
rithm. The effect of various components on the fatty acids and high-energy phosphate compounds ranked as PA >
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SalB > SalA > DSS; and the impact of components on the myocardial ischemia markers could be put in the following

order: PA >SalB > DSS > SalA. The results suggest that water-soluble components of Danshen injection could save

myocardial ATP and increase AEC, meanwhile, the AcCoA/CoA ratio in the tissue was reduced, thereby improving

the efficiency of myocardial energy metabolism, during which the phenolic acids showed significant effects.

Key words Danshen injection; myocardial energy metabolism; contribution value; isolated heart perfusion
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JT 7 A MR R O3 P2 S 3
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olic acid B, SalB) . P} Wy fg A ( salvianolic acid A,
SalA) B i JL A5 EE ( protocatechuic aldehyde, Pal)
TR B TE b 24 vh B — 203 i 245 BRAE FH AT
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1 # #

L1 ZRLiXA
MZ2HERB(EREEEARAA, 5
0903011, 75 DSS 234 pg/mlL . Pal 247 pg/mlL . SalA
10.75 pg/mL. SalB 78.5 wg/mlL, HPLC {58 ) ;
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Eppendorf 2\ ] ) ; Powerwave 340 I fifiFr{¥ ( 3% [E Bio-
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HePE SD KB, /K 280 ~ 320 g, i [ PE %
IR-WhFL S 55 B A BR s m] R AL, 5 4% HIE 5 SCXK
(37)2008-0016,

2 A &
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Table 1  Concentration ( pg/mL) of DSS, SalB, SalA and PA in
each group

Group DSS SalB SalA PA

DI 9.36 3.14 0.43 9. 864

DI + DSS 28.08 3.14 0.43 9. 864

DI + SalB 9.36 31.4 0.43 9. 864

DI + SalA 9.36 3.14 4.3 9. 864

DI + PA 9.36 3.14 0.43 29.592

DI: Danshen injection ; DSS ; Danshensu ; SalB ; Salvianolic acid B;SalA :
salvianolic acid A ;PA ;Protocatechuic aldehyde

2.2 RASMALRF CoA AcCoA #m| T
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27 ~32 min,99% A, Ji# N 1 mL/min,
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CoA fEH (P <0.01) ; 5yE S LA, SMm SalB J%
PA 41 5 2[5 A% AcCoA/CoA fH (P <0.01)

Table 2 Concentration of CoA, AcCoA and AcCoA/CoA ratio in isola-

ted rat hearts following ischemia- reperfusion (x +s,n=6)

CoA/ AcCoA/ AcCoA/CoA/
Group
(nmol/g) (nmol/g) (nmol/g)
Model 38.20 +7.31 18.96 +5. 46 0.53 +0.27
DI 51.86 +£9.51* " 19.44 +4.10 0.39 +0. 10
DI+DSS 54.98 +13.66* 15.45 £2.37 0.31+0.13

DI +SalB 111.64 +37.03 " *
DI +SalA  47.92 +24. 87
DI +PA  39.60 +18.94

5.46 £1.51*** 0,07 £0.04 * **
5.17 1. 18 *™ 0.11 £0.04* *
6.21£1.77*** 0.18 £0.07* **

Detailed concentrations of DSS, SalB, SalA and PA in each group were
shown in Table 1

*P<0.05,"* P <0.01 vs model group;* P <0.05," P <0.01 vs
DI group

3.1.2 3R RS UL B R A A Ak AT 09 ¥
W AL O LA 2 R R o RN RE T (B I 2R
3, Hi AT RR & (TAN) = AMP + ADP + ATP;
PR ERRE M (AEC) = (ATP + ADP/2)/TANY' |
DA e JILRE S A R A S A

SRR A AH L, S PA 2 B 8RS TR
UL LS ATP 1) 5 (P <0.05) , AEC 3%
FHE (P <0.01) , #hhn SalA 20 2 2 A% T 0 L4
1 TAN(P <0.05) . S5PFZER AL AL, SMn
PA 2 fig i 25 42 = LB T B Afar (P <0.05)

Table 3 Concentration of adenine nucleotides, TAN® and AEC® in isolated rat hearts following ischemia-reperfusion (% £s,n=6)

Group AMP/ (nmol/g) ADP/ (nmol/g) ATP/ (nmol/g) TAN/ (nmol/g) AEC

Model 49.05 £12.78 224. 68 +38 3.57 +0.94 282.65 £50.5 0.41 +0.02

DI 42.67 £10. 46 173.2 £25.89 " * 4.72 £1.68 228.28 £28.91 " 0.41 +£0.02

DI + DSS 28.04 £7.41*** 187.32 +70. 44 4.13£0.9 216.9 £73.38 0.43 +0.07

DI + SalB 42.96 £8.37 232.02 +35. 43% 4 +0.59 253.69 £33.57 0.42 +0.02

DI + SalA 39.45 +6. 36 186.43 +11.01* 4.05 £0.86 228.92 +11.97 % 0.42 +0.01

DI + PA 34.89 £2.21" 223.48 +18.17% 5.84+£1.78" 262. 88 +21.49* 0.44 +0.01 " **

“Total acid number;’Adenylate energy charge

*P<0.05," * P <0.01 vs model group;* P <0.05,% P <0.01 vs DI group

3.1.3 s E AR A sk LD LDH CK 42 %
R ANRNTRRAYE L, 5T S AL
Et, AN SalB & 3 B4 70 UL LD LDH A CK
Hi(P<0.05), W34,

Table 4 Content of lactate (mmol/g prot) ,lactic acid dehydrogenase and

creatine kinase in ischemia reperfusion isolated rat hearts(x £s,n =6)

Group LDH/ LD/ CK/

(U/g prot) (mmol/g prot) (U/mg prot)
Model 5434.32 +£342. 42 4.89+1.62 2.34£0.31
DI 5776.01 +353. 89 1.98+1.27 2.67 +0.31
DI+DSS  4102.81 £253.54° "% 3.73+1.02 1.97 0.4 7%
DI +SalB  4842.24 £266. 18"  1.63£0.65"** 2.34+0.31"
DI +SalA  5507.53 +1567.21 4.42+0.67" 2.52+0.44
DI +PA 4 288.27 +1 809. 82 2.57+1.01 2.11 0. 11"

*P<0.05,*" P <0.01 vs model group;* P <0.05,* P <0.01 vs
DI group

3.2 AR R A S MU AR B3 AR T
KNI A AT A
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SRR, R 1 | AL, BRI 5 9%

W4 AR RET | FITEEST A 1 2 R 5 AR - T T
CoA Fl AcCoA [ BAAR AL, &7 T #2528 78
4322 T CoA J AcCoA $¥la M A fb e #
3.2.2  FFAKREHE RS 6 ECE MR KRS L
229 AcCoA/CoA 9wk FE  WIE 2 v WL, PA X}
JIg I B AR, 1 1) o K 3 0 5, SR 5 J2& SalB, SalA Ik
2, DSS X i 107 W AR 1 i) BT Bk R S A%, nT WL PA
Xof B 7 A 3 5% el i T At 3 1 43 T 3 AR
A58

3.2.3  FAKIEM RSB E AT KR S LA
BIRF R AT TG TTakE SIS ENRS
Aoy STERRLE R ILE 3. i R AT, st e AR A
RAEFRIN T, i AR 1 il it F QIS A5 DTk 3 1 B
PRS2l R B/MK YA : PA (SalB (SalA [ DSS,
3.2.4 FHREERSGEESET BARRXA S
JE¥ LD LDH . CK & & 69 T ak F SR FH 4 W 4%
BRI P 2 V8 O 45 21 43 TRk R 45 1 LI 4.
p ] L gt UL SBIe It 453 405 48 B 1T 5, 5 AR o
1) BT Tk 2 7 2 HE 7 R B /MK K Ry : PA | SalB |
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Figure 1 Correlation between actual and predicted data of CoA (A)

and AcCoA (B). Dotted line and solid line represent lines of consisten-

cy and linear regression , respectively
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nent to the CoA, AcCoA and the AcCoA/CoA ratio (x +s,n=5)
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F T, XA ] BE S M R W Y B A AR AR
FIV L R 25 A3 Sy AR BAR A 2 TN, A
SCHE TSN 4 FhK R 25 SRS BT 4 Fil
BT XTI LR e A ) SRR AN — 3 $R
HR 2 Jo s o) 4 ) T2 S R A0 1 [ B O T
AL AR X} 24350 A S T ) A A DG B 47

2 £ X #

[1]  Zhou L,Zuo Z,Chow MS. Danshen :an overview of its chemistry,
pharmacology , pharmacokinetics, and clinical use [ J]. J Clin
Pharmacol ,2005 ,45(12) .1 345 -1 359.

[2] Ren Y, Houghton PJ,Hider RC,et al. Novel diterpenoid acetyl-
cholinesterase inhibitors from Salvia miltiorrhiza [ J]. Planta
Med ,2004,70(3) :201 —204.

[3] Xu JZ,Shen J,Cheng YY,et al. Simultaneous detection of seven
phenolic acids in Danshen injection using HPLC with ultraviolet
detector[ J]. J Zhejiang Univ Sci B,2008,9(9) :728 —733.

[4] 4 JH(Yu D), 58 (Chai JG) , # Z ) (Cao YG), 5. J}

[10

[

[11]

[12]

[13]

[16]

ZUEHTR TR B XS RGNS 2w v B %
# K % 54k (J China Pharm Univ) ,2009 ,40(3) :258 - 262.
Chang BB, Zhang L.,Cao WW ,et al. Pharmacokinetic interactions
induced by content variation of major water-soluble components of
Danshen preparation in rats[ J]. Acta Pharmacol Sin,2010,31
(5) :638 —646.

Kantor PF,Lucien A,Kozak R, et al. The antianginal drug trime-
tazidine shifts cardiac energy metabolism from fatty acid oxidation
to glucose oxidation by inhibiting mitochondrial long-chain 3-
ketoacyl coenzyme A thiolase[ J]. Circ Res,2000,86 (5) :580
- 588.

3K Hk(Zhang L), % #) %) ( Chang BB) , EHi 52 (Cao WW),
S5 PFZ 0 R BB Ao M S5 L P T JULE S A5 ) 5
[J). % B 24K % $4R(J China Pharm Univ) ,2010,41(3) ;
278 -282.

Garson GD. Interpreting neural-network connection weights[ J].
Artif Intell Expert,1991,6(4) :46 —51.

Huang Z,Chen H,Hsu CJ,et al. Credit rating analysis with sup-
port vector machines and neural networks:a market comparative
study[ J]. Decis Support Syst,2004,37(4) ;543 —558.
FIKAE(Wu SS) jfi  YT.(ShiJ) , iK/Nan(Zhang XR) . h24 %
TR P SR E RS ). PR P @
[E 2542 & (Chin ] Integr Med) ,2001,21 (7) :545 —456.

B R (Cao JL) , 2R (Li ZL) 47 3R (Fu Q). P2y L2 &2
TS AERMIWEELT]. F 3 25 (Chin Trad Herb Drug) ,2007,
38 (1) .ff2 -4.

Xu M, Zhang Z,Fu G,et al. Liquid chromatography-tandem mass
spectrometry analysis of protocatechuic aldehyde and its phase I
and II metabolites in rat[ J]. J Chromatogr B Analyt Biomed Life
Sei,2007,856(1/2) ;100 —107.

Cao YG,Zhang L.,Ma C et al. Metabolism of protocatechuic acid
influences fatty acid oxidation in rat heart :new anti-angina mech-
anism implication[ J]. Biochem Pharmacol ,2009,77(6) :1 096
-1 104.

ik 5 (Zhang M) O ILBR AL 14 B8 B A R AR 367 WEE LT ]
5 ik 22 & (Chin Heart J) ,2006,18(4) 467 - 468 ,474.

& jR(Ma C) 5K K (Zhang SF) , 256 (Cao YG) , 45,
SO B R RO ILRE A r PR AT LT]. P B 25
A K 5 5 (J China Pharm Univ) 2009 ,40(2) ;147 - 151.
Zhu YZ ,Huang SH,Tan BK et al. Antioxidants in Chinese herb-
al medicines ;a biochemical perspective[ J]. Nat Prod Rep,2004 ,
21(4) .478 -489.



